Cardiac autonomic neuropathy associated with diabetes can cause silent myocardial ischemia and may influence the way that patients perceive symptoms of acute coronary syndromes (ACS). The purpose of this study was to examine symptoms of ACS in patients with and without diabetes while controlling for length of time with diabetes. A convenience sample of 256 patients from two large medical centers in the Midwest participated. Patients with diabetes comprised 33.2% of the sample and reported significantly less chest pain and more unusual fatigue. Patients with diabetes of longer duration (10 or more years) reported more difficulty breathing than did patients with diabetes of shorter duration (fewer than 10 years). Older patients with the same diabetes status also reported less chest pain. For older patients and for patients with diabetes, lack of chest pain during ACS could delay treatment and is thus a concern.
Diabetes, CAN, and Silent Myocardial Ischemia
The consequences of silent ischemia can be grave because lack of symptoms and lack of symptom recognition can lead to delay in seeking immediate medical assistance during ACS and can be a factor in sudden cardiac death. There is limited research examining the cardiac symptoms reported by patients with diabetes who present with ACS. Funk, Naum, Milner, and Chyun (2001) reported no difference in type of cardiac symptoms experienced by persons with and without diabetes who presented to the emergency department. However, patients with diabetes did experience more severe symptoms. Thuresson, Jarlov, Lindahl, Svensson, Zedigh, and Herlitz (2005) also found no differences in cardiac symptoms by diabetes status; however, only those experiencing chest pain or discomfort were included in the study.
Other studies have found differences in cardiac symptoms, depending on diabetes status. Canto et al. (2000) noted that a higher proportion of patients with diabetes who were admitted to the hospital with myocardial infarction (MI) had no chest pain. In another study, patients with diabetes experienced less nausea, more hyperventilation, and less aching and squeezing-type pain during an episode of unstable angina (DeVon, Penckofer, & Zerwic, 2005) . Brieger et al. (2004) found that atypical symptoms of ACS-including dyspnea, diaphoresis, syncope, and nausea and vomiting-occurred more frequently in patients with diabetes in the absence of chest pain. Mayer and Rosenfeld (2006) examined the role of diabetes in symptom interpretation in a sample of women with MI. Shortness of breath was a common presenting symptom for the women with diabetes. It is not known if any of these symptom experiences can be attributed to CAN, because CAN was not measured in any of these investigations.
Recognition of the symptoms of ACS may also be complicated by the chronic symptoms associated with diabetes and complications of diabetes. Hypoglycemia-induced autonomic stimulation has resulted in palpitations, tremor, and anxiety (adrenergic stimulation) and sweating (cholinergic stimulation). Symptoms associated with glycemic fluctuations-such as stomach pain, shortness of breath, heartburn, and sweating-are similar to symptoms experienced during ACS (Bulpitt, Palmer, Battersby, & Fletcher, 1998; Malecki et al., 2000) . Diabetes complicated by heart failure is associated with chest discomfort, shortness of breath, fatigue, nausea, weakness, and dizziness (Hunt et al., 2005) . These similarities in symptoms may challenge and confuse patients as they attempt to label their symptoms and decide on a course of action.
No studies were found that established a link between duration of diabetes and symptoms experienced during ACS. However, data from the Diabetes Control and Complications Trial / Epidemiology of Diabetes Interventions and Complications study suggest a causal role between hyperglycemia and the development of microvascular disease over time (Diabetes Control and Complications Trial Research Group, 1993; Nathan et al., 2005) . Participants in the "diabetes control and complications trial" arm of the study were followed for a mean of 6.5 years, and participants in the "epidemiology of diabetes interventions and complications" arm were followed for a mean of 17 years. These findings imply that changes in symptoms of ACS associated with microvascular changes may not be manifested for many years. Additionally, participants in the studies included only those with type 1 diabetes; as such, determining whether these findings apply to patients with type 2 diabetes will require further study.
The aims of this study were conceptually framed on the known physiological differences attributed to CAN and how these differences may be manifested in the symptom experience between persons with and without diabetes. The purpose of this study was to determine if there were differences in the symptoms of ACS between patients with and without diabetes. Specific aims were to identify differences in symptom type, location of pain or discomfort, and quality of pain or discomfort after controlling for duration of diabetes, age, sex, and functional status. Based on the literature review, our hypothesis was that chest pain would be less prevalent in a sample of patients with diabetes who were admitted through the emergency department and hospitalized for ACS.
Method Design, Sample, and Setting
A convenience sample of 272 patients hospitalized with an admitting diagnosis of ACS was recruited for this descriptive cross-sectional study. Participants included 122 women and 150 men admitted to the cardiac stepdown units of two regional medical centers in the Midwest, both of which serve as referral centers from rural and suburban hospitals. Data collection sites were chosen to recruit a heterogeneous sample representative of the local population and to recruit adequate numbers of minorities. Patients were eligible for study if they were admitted with a diagnosis of ACS, fluent in English, at least 21 years of age, admitted through the emergency department at least 12 hours before interview, free of sedation, pain-free, and had adequate cognitive capacity.
Patients were excluded if they had documentation of prior heart failure, elevated brain natriuretic peptide, or any history of cocaine use. We thought that the symptom experience might vary for those with a history of heart failure because many of the symptoms of which, including dyspnea and unusual fatigue, are similar to the acute symptoms of ACS. Patients with a history of cocaine use were excluded because ischemia is more likely to be precipitated by vasoconstriction, tachycardia, systemic hypertension, and increased myocardial oxygen consumption following cocaine ingestion when compared to the more common and chronic obstructive processes associated with coronary heart disease (CHD; Hollander, 2003) . These exclusion criteria were adopted to control for threats to the internal validity of the findings-specifically, that the results reflect the true symptoms of ACS and not some other acute or chronic condition. Medical records were reviewed, and final diagnoses were recorded following discharge. Sixteen patients had a noncardiac discharge diagnosis (ICD-9 code other than 410 or 411) and were excluded from analyses, resulting in a final sample of 256.
SACSI. The SACSI was developed for a previous study on unstable angina (DeVon & Zerwic, 2003) . The design of SACSI was based on an extensive review of the literature. Symptoms of ACS are a multidimensional construct; therefore, the SACSI consists of three sections, describing the type, location, and quality of symptoms. The first section includes 20 symptoms identified in the literature for patients with acute chest pain, MI, or unstable angina (Dempsey, Dracup, & Moser, 1995; McSweeney & Crane, 2000; Zerwic, 1998) . Symptoms are measured on a 5-point scale: Patients indicate that they did not experience the symptom (0), or they rate the severity of each symptom as mild (1), moderate (2), severe (3), or very severe (4).
The second section includes 14 anatomic locations where pain or discomfort is experienced, and the final section contains 14 descriptors of the quality of the pain or discomfort. All items related to location and descriptors of discomfort are measured dichotomously (yes/no). Finally, patients were asked to describe the severity of their chest pain on a scale of 0-10. They were also asked to rate their worst symptom on a scale of 0-10, because chest pain was not always identified as the worst presenting symptom.
Content validity was established by published cardiovascular experts on two occasions (DeVon & Zerwic, 2003) . Those items rated not relevant were removed from the instrument. The original content validity index for the entire instrument was .88 (p < .05). Prior to the start of this study the tool was again reviewed by five content experts and the computed Content Validity Index was .94 (p < .05).
Support for construct validity of the tool as a comprehensive measure of the symptoms of ACS was evident when patients did not add symptoms even though they were given the opportunity to do so during interview. Internal consistency reliability for the current sample was adequate (α = .81).
CCS classification of angina. The CCS classification of angina was used to assess patients' levels of physical function (Campeau, 1976) . We hypothesized that those patients in a higher CCS class would report more severe symptoms as well as more symptoms attributed to chronic angina or other comorbid conditions. The reliability and validity of the classification system has been established in a number of patient populations (Campeau, 1976) .
Procedure
Data were collected over a 25-month period from July 2003 to August 2005, following approval from each institutional review board. Eligible patients were approached by their primary nurse and asked permission for their names, to be given to the researchers in accordance with Health Insurance Portability and Accountability Act guidelines. A member of the research team then approached patients and explained the study. Those who agreed were invited to participate, and written informed consent was obtained. Cognitive function was established during the consent process. Cognitive ability was deemed adequate if the participant was able to read and understand the consent form and explain the purpose of the study to the researcher. The investigators recorded all responses because of the acute nature of the patient's illness. Confidentiality was ensured, given that each interview was conducted in the patient's private hospital room.
A total of 282 names were supplied by hospital staff. Ten patients, six women and four men, declined to participate because of fatigue, lack of interest, or refusal to sign the consent form. Six of the 10 were African American, and ages ranged from 40 to 85. Sixteen patients were excluded based on a noncardiac discharge diagnosis, resulting in the final sample of 256.
To reduce threats to internal validity caused by inclusion of prodromal symptoms, symptoms experienced during a prior episode of ACS, or symptoms occurring as a result of another illness, patients were asked to report only the symptoms that brought them to the emergency department on this admission. Diagnoses, diagnostic test results, risk factors, and results of physical exams were abstracted from medical records following completion of the interview.
Data Analyses
Data were coded and entered into SPSS 13.0. Descriptive statistics were computed using chi-square for categorical data and t tests for interval-level data. All tests were two-sided, and statistical significance was set at p < .05, with one exception; because of Bonferroni adjustment, p ≤ .0167 was necessary to achieve statistical significance for tests of symptoms by diabetes duration. The 20 symptom variables were recoded to dichotomous variables (yes/no). We believed that the presence or absence of symptoms was more important in the population of patients with diabetes who may be experiencing peripheral neuropathies or cardiac autonomic neuropathies. For those patients with diminished sensations, making the fine gradations of symptom severity could be difficult. Logistic regression analyses were used for each of the 20 dichotomized symptom variables. Diabetes was automatically included in the model, and a combination of forward and stepwise model selection was used to find the best-fitting model from the following covariates: age, sex, and CCS class. All two-way interactions for initially significant main effects were included in the model. Duration of diabetes was examined because we hypothesized that the symptom experience would vary by time since diabetes was diagnosed. Patients were grouped into two categories: those who reported having diabetes for less than 10 years (n = 38) and those who had diabetes 10 years or more (n = 39). Eight patients could not recall how long they had had diabetes, and the time since diagnosis was not recorded in the medical record. These cutoff points were chosen because 10 years represented the 50th percentile of patients as well as the median duration. Logistic regression was also used to determine what factors predicted the presence of chest pain, given that this is the key symptom of ACS. Diabetes status and the covariates listed above were entered into the model.
Findings

Demographic and Diagnostic Characteristics
Of the total sample, 33.2% had diabetes (n = 85). Two patients had type 1 diabetes, and 83 had type 2 diabetes. There was no difference in mean age between groups; however, the patients without diabetes covered a larger age range ( Table 1) . Duration of diabetes ranged from 1 to 45 years for those with type 2 diabetes and from 45 to 70 years for the 2 patients with type 1 diabetes. Therefore, median duration of diabetes was examined. Because the median duration was only 10 years and there was no theoretical basis for believing that the symptom experience during ACS varies between patients with type 1 or type 2 diabetes, the 2 patients with type 1 diabetes were included in the analyses. Women had diabetes for a longer period as compared with men (16.4 years vs. 11.3 years), but the difference was not significant (p = .09). There were no significant differences in type of ACS, levels of education, marital status, or ethnicity between those patients with and without diabetes.
Baseline Characteristics
Body mass index data were calculated and recoded into five categories based on American Heart Association definitions (n.d.): underweight, normal weight, overweight, obese, and extreme obesity. Patients with diabetes were more likely to be obese and extremely obese and less likely to be normal weight ( Table 2) . As expected, those with diabetes were more likely to have a history of CHD (p = .001), MI (p = .008), angina (p = .007), angiogram (p < .001), and/or percutaneous coronary intervention (p = .004). Patients with diabetes had more limitations in physical functioning, as measured by CCS class. Those with diabetes were more likely to be in Class 3 or Class 4, representing marked limitations to ordinary activity or pain at rest (χ 2 = 16.06, p = .003).
Symptom Report by Diabetes Status
Patients were asked to report on the presence or absence of 20 symptoms, along with the severity of the symptoms following admission for ACS. The most frequently reported symptoms reported by patients with diabetes were chest pain, unusual fatigue, shortness of breath, and weakness. This matches the order of symptoms reported by the total sample. Patients without diabetes (37) a. Indicates missing data.
138 Western Journal of Nursing Research most frequently recounted chest pain, shortness of breath, unusual fatigue, and being unusually scared. Figure 1 illustrates the severity of all symptoms reported by more than 50% of participants (shown by diabetes status). Mean severity of chest pain was 6.26 (SD = 3.24) for those with diabetes and 6.63 (SD = 3.17) for those without diabetes (p = .39). Mean scores for severity of the worst symptom was 7.26 (SD = 2.92) for the diabetes group versus 7.34 (SD = 2.67) for the group without diabetes (p = .82). Most important, patients with diabetes were nearly half as likely to experience chest pain (odds ratio [OR] = 0.46, confidence interval [CI] = 0.22-0.94, p = .034) and more than twice as likely to experience unusual fatigue as a patient of the same age and sex without diabetes (OR = 2.27, CI = 1.26-4.08, p = .006). There were no significant differences between groups on other symptoms.
Patients who had diabetes for 10 years or longer were more likely to experience difficulty breathing in comparison to patients who had diabetes for less than 10 years (OR = 5.84, CI = 1.70-20.01, p < .001) and patients without diabetes (OR = 2.94, CI = 1.07-8.05, p = .01; see Table 3 ). Finally, because chest pain is the most frequently reported symptom of ACS, logistic regression was used to examine predictors of chest pain. Age and diabetes were consistently significant, regardless of model selection methods used. Results indicate that both diabetes (OR = 0.46, CI = 0.22-0.94, p = .034) and older age (OR = 0.96, CI = 0.93-0.99, p = .005) are associated with the absence of chest pain. Bootstrapping techniques, in which random subsamples of the data are drawn and logistic regression is run on the subsample, were run to validate the model.
Discussion
This study has several strengths: First, characteristics of the sampleincluding age, sex, and diagnoses-were consistent with the typical patient who presents with ACS. Second, a representative sample of African Americans, who are known to be at greater risk for diabetes, were recruited. Third, a majority (92%) of the patients with diabetes were overweight or obese, which is associated with type 2 diabetes. Fourth, the greater incidence of CHD, MI, angina, interventional procedures, and higher CCS class would be expected in patients with diabetes, given that diabetes is a CHD equivalent. The most common symptoms reported by patients with diabetes were chest pain, unusual fatigue, shortness of breath, and weakness. These are consistent with prior findings and are of concern for those with silent ischemia because unusual fatigue, shortness of breath, and weakness are vague symptoms that are not likely to be interpreted as being serious (DeVon et al., 2005; Mayer & Rosenfeld, 2006; Thuresson et al., 2005) . Thuresson and colleagues (2005) , in a study that included only patients with diabetes, reported a similar prevalence of symptoms. Significant pain and discomfort in areas of the arm, neck, jaw, and back were also reported.
The fact that patients with diabetes experienced diminished physical functioning and higher levels of angina as measured by CCS class may explain why these patients were more than 2 times as likely to experience unusual fatigue during ACS. Fatigue is a symptom often observed in patients with ACS, and it has been reported by other investigators (DeVon et al., 2005; DeVon & Zerwic, 2003; Funk et al., 2001) . Although fatigue can be a symptom of myocardial ischemia, it is also a common symptom of deconditioning, obesity, depression, and ventricular dysfunction-widespread problems for those with diabetes. In the current study, patients with diabetes had a higher body mass index, which could have contributed to fatigue. Long-standing fatigue resulting from diabetes may present an added risk for patients with diabetes because it may mask the symptoms associated with ACS.
The finding that patients with diabetes and those who are older have less chest pain during ACS is critical. There has been an assumption that patients with diabetes experience more silent myocardial ischemia, which has been demonstrated in the laboratory, but little evidence exists in the literature confirming that patients with diabetes have significantly less chest pain during ACS (Airaksinen, 2001; Canto et al., 2000; Culic, Eterovic, Miric, & Silic, 2002; Funk et al., 2001) . Silent ischemia may be attributed to CAN, but CAN was not measured in these studies, so it remains to be validated in future research. It is likely that lack of chest pain may contribute to a decision to delay seeking treatment or to forgo care altogether if the health threat is labeled insignificant. Also, many patients with diabetes are already coping with symptoms associated with fluctuations in blood sugar. Therefore, symptoms of ACS may go undetected or may be mislabeled.
The hypothesis that symptoms of ACS would vary by duration of diabetes was supported; however, it was somewhat unexpected that there were no differences in symptoms between patients with diabetes of shorter duration (< 10 years) and those without diabetes. This finding may confirm that symptoms associated with microvascular changes and autonomic dysfunction are not manifested for more than 10 years.
Finally, the most significant predictors of the absence of chest pain were age and diabetes. Given that the incidence of CHD increases with age, the finding is important that a person with or without diabetes is 4% less likely to suffer chest pain as a person with the same diabetes status who is 1 year younger. Canto et al. (2000) reported that patients presenting with MI in the absence of chest pain are older than those presenting with chest pain (74.2 vs. 66.9 years). Brieger et al. (2004) also found that patients who present without chest pain are significantly older than those who present with chest pain.
Limitations to the study include a convenience sample and a lack of data on glycemic control before hospitalization. It is possible that the experience and severity of ACS symptoms can be partially dependent on blood sugar levels before or during an episode of ACS. Although the study was adequately powered to detect differences in symptoms between groups, a larger sample of patients with diabetes may have provided greater power to detect differences in symptoms with a smaller effect size.
There is evidence that patients with diabetes do experience more silent myocardial ischemia (Chico et al., 2005) . The Detection of Ischemia in Asymptomatic Diabetes study found that more than 20% of patients with asymptomatic type 2 diabetes (no angina or anginal equivalents) had silent myocardial ischemia (Wackers et al., 2005) . The cost of routine screening for CHD in patients with asymptomatic diabetes would be enormous and unnecessary because the presence of diabetes is a CHD equivalent (Miller, Redberg, & Wackers, 2006) . It may be that older adults label chest pain differently; however, if they experience true silent ischemia, then they are at risk for delayed treatment, death, or other poor outcomes (Sheifer et al., 2000) .
Conclusion
Nurses can use the findings of this study to educate patients with diabetes about the symptoms of ACS and to critically evaluate the significance of the clinical presentation of older patients and patients with diabetes. Patients with diabetes or with a documented history of ACS are at increased risk for cardiovascular complications and so benefit from ongoing education and support in managing their disease.
